Abstract
Background
Maternal nutrition in the peri conceptional and gestational period is a key aspect related to the health of the mother and offspring in both the short and long terms [1] [2] [3] [4] . Maternal nutrition can potentially impact placental and foetal growth [5] [6] [7] . It can also have permanent negative consequences for the offspring. It is likely that the offspring has a higher risk of type 2 diabetes and cardiovascular diseases in the future [8] [9] [10] [11] .
A body of research describes the need of dietary and supplement intake of folic acid, iron, zinc, calcium, vitamin D and B12 and omega-3 polyunsaturated fatty acids as well as their effect on pregnancy outcomes [3] . Most dietary interventions focus their research on individual nutrients, not dietary patterns, failing to consider nutrient-nutrient interactions. Nevertheless, nutrients are hardly ever consumed in isolation since foods are a mixture of different nutrients. Evidence about the effect of maternal diet on pregnancy outcomes is mostly generated from observational studies. Thus, randomized controlled trials are necessary to increase the evidence base for dietary recommendations during pregnancy.
Nutritional recommendations provided in clinical practice limit the intake of fats to avoid excessive gestational weight gain; however, data on effective dietary interventions are inconclusive [12] . Limitation of fats includes trans and saturated fats and, in our setting, also includes mono-and poly-unsaturated fats. These are present in extra virgin olive oil (EVOO) and nuts, indispensable pillars of the mediterranean diet (MedDiet) [13] . This diet is not associated with weight gain; in fact it is just the opposite [14] .
Recently, our research group has shown associations between a MedDiet with an enhanced consumption of EVOO and nuts and a reduction in gestational diabetes mellitus (GDM) incidence [15] . The potentially favourable effects of following this diet during pregnancy in normoglycemic women remain unknown.
The St. Carlos GDM Prevention Study presents a perfect opportunity to study the impact of maternal diet on maternofoetal health in normoglycemic women. This study was set out to compare maternal and neonatal outcomes as well as clinical and biochemical parameters of women who followed nutritional guidelines based on a MedDiet supplemented with EVOO and pistachios versus women who followed guidelines provided in regular clinical practice that limit total fat consumption.
Methods

Study Design and Study Population
This was a sub-analysis of the St. Carlos GDM Prevention study. It was a single-centre, clinic-based, prospective, randomized, interventional study, with 2 parallel groups that targeted all pregnant women followed by the obstetrics department of the Hospital Clíni-co San Carlos, Madrid, Spain. It was conducted from January 1st to December 31, 2015. The first woman was included in the study on January 2nd and the last one was included on December 27th. The follow-up until delivery finished on July 20, 2016.
In the current study, inclusion criteria were pregnant women ≥18 years old, fasting glucose levels < 92 mg/dL in the first gestational visit (8-12th gestational weeks), single gestation, agreement to sign the consent form and normal response to the 75 g oral glucose tolerance test at 24-28th gestational weeks. Exclusion criteria were women with fasting glucose ≥92 mg/dL in the first gestational visit, gestational age at entry > 14th gestational weeks, multiple pregnancy, nut allergy, GDM diagnosis, lost to follow-up until delivery and/or any medical condition that could hamper complying with trial follow-up.
A summarized description of the study design is provided in Figure 1 . A total of 2,418 women attending their first gestational visit (8-12th gestational weeks) were assessed for inclusion. They were invited to participate between the 12 and the 14th gestational week. After excluding all ineligible participants, 1,501 women were invited and 1,000 accepted and signed the consent form. At inclusion, women were randomly allocated to the standard care control group (n = 500) or the intervention group (n = 500). From these, 874 were followed until postpartum discharge: 440 in the standard care control group and 434 in the intervention group. A total of 103 and 74 women, respectively, were excluded for developing GDM. Therefore, 337 (76.6%) women in the control group and 360 (82.9%) women in the intervention group were included in the final analysis.
The study was approved by the Ethics Committee of Hospital Clínico San Carlos and conducted according to the Helsinki Declaration. All women signed a letter of informed consent. The study was registered at ISRCTN84389045. 
Randomization
The randomization and sequence allocation were performed by building a stratified randomization with permutated block-randomization, stratified by age, pregestational body mass index (BMI), parity and ethnicity in an allocation ratio of (1: 1) in blocks of 4-6.
The allocation remained unknown to the statistician and research assistant. The participants, staff and dietician were aware of the allocation assignments.
Study Outcomes Primary Outcome
To compare the incidence of a composite of maternofoetal outcomes (CMFOs) in normoglycemic women who followed 2 different nutritional recommendations -guidelines based on a MedDiet with an enhanced consumption of EVOO oil and nuts versus guidelines provided in regular clinical practice that limit fat consumption. The CMFOs included the following: emergency caesarean section (C-section), perineal trauma, pregnancy-induced hypertension and preeclampsia, prematurity, large-for-gestationalage, and small-for-gestational-age.
Secondary outcomes included the comparison between groups of: -The incidence of each individual component of the primary outcome.
-Biochemical parameters: glycated haemoglobin (HbA 1c ), insulin, fasting glucose, homeostasis assessment model for insulin resistance.
-Clinical parameters (blood pressure and body weight).
-Maternal dietary and physical activity habits throughout pregnancy.
Pregnancy Lifestyle Guidelines
The intervention and standard care control group received the same basic MedDiet recommendations, as reported in detail previously [15] . They were instructed to be physically active and walk ≥30 min/day. These recommendations were emphasized at each visit for both groups.
Intervention Within 1 week of inclusion, participants received lifestyle guidance from dieticians in a 1-h group session. The key recommendation was to consume a daily intake of ≥40 mL of EVOO and a handful (25-30 g) of pistachios. They were given 10 L of EVOO and 2 kgs of roasted pistachios at 12-14 and 24-28th gestational weeks to ensure adherence.
Standard Care Control Group
This group received nutritional guidelines currently provided in local antenatal clinics of our setting as part of pregnancy standard care [16] . Midwives highlighted the importance of limiting the consumption of dietary fat, including EVOO and nuts. a) Two semi-quantitative questionnaires were applied to evaluate lifestyle, dietary habits and compliance to the intervention: the diabetes nutrition and complications trial [17] and MedDiet adherence screener (MEDAS) questionnaire [18] . The diabetes nutrition and complications trial was used to evaluate physical activity and general healthy eating habits, assessed by the Nutrition Score. The MEDAS questionnaire was applied to evaluate the adherence to a MedDiet. However, 2 items in this questionnaire (moderate alcohol intake and juice consumption) are discouraged during pregnancy. A detailed description of how lifestyle and diet were evaluated has been published previously [15] . b) Urinary hydroxytyrosol levels and plasma gamma-tocopherol were measured to evaluate compliance to EVOO and pistachio consumption respectively. Their levels have been previously reported to adequately correlate with the consumption of each of EVOO [19] and pistachio [20] . These were measured at baseline and at 24-28 gestational weeks in 10% of participants randomly selected from both groups.
-Maternal Body Weight and Gestational Weight Gain Weight gain was based on self-referred pregestational body weight. It was evaluated at 12-14th, 24-28th and 36-38th gestational weeks (or last weight recorded before delivery). Adequate gestational weight gain was defined according to pregestational BMI as follows: normal weight (< 25 kg/m 2 ), 9 kg; overweight women (25-29.9 kg/m 2 ), 6 kg; class I obesity (30-34.9), 3 kg; and class II obesity ≥35 kg/m 2 , 0 kg [21] . Weight gain 3 kg below the designated target according to BMI was categorized as insufficient weight gain. Weight gain 3 kg above the designated target according to BMI was categorized as excessive weight gain [21] [22] [23] . At each visit, the dietary recommendations were individualized to fit gestational weight gain recommendations according to pregestational BMI, in the context of usual recommendations. When gestational weight gain exceeded the goal, nutritional recommendations were given to reduce the caloric content of their diet.
-Maternal Complications. Pregnancy-induced hypertension, preeclampsia, albuminuria and urinary tract infections (number of events requiring antibiotic treatment).
-Obstetric Complications. Type of delivery (vaginal, instrumental or caesarean section) and perineal trauma.
-Anthropometric measures and health status of new-borns. Birth weight and height, large-for-gestational-age, small-for-gestational-age, pH cord blood, Apgar score, neonatal hypoglycaemia, hyperbilirubinemia, respiratory distress and neonatal ICU admission.
To obtain information about new-borns and complications during delivery, obstetric records were reviewed after delivery.
Follow-Up
All women were followed up taking advantage of their scheduled standard-practice laboratory appointments. The number of visits was similar in both groups: at 12-14th, 24-28th, 36-38th gestational weeks and delivery.
Biochemistry
Blood was drawn between 08.00 and 09.00 a.m., after an overnight fast. The following data was determined: HbA 1c , standardized by the International Federation of Clinical Chemistry and Laboratory Medicine; serum insulin; homeostasis assessment model for insulin resistance, calculated as glucose (mmol/L) × insulin (µUI/mL)/22.7; and fasting glucose.
Urine Hydroxytyrosol levels and serum gamma-tocopherol were measured as described previously [15] .
Sample Size
For sample size calculation, the primary end-point was the incidence of CMFOs. We estimated that 315 women would be required per group to provide statistical power of 80% (2-tailed, αerror of 0.05), detecting a relative risk (RR) reduction of at least 30%.
Statistical Analysis
Discrete variables are presented with their frequency and percentage distribution, continuous variables by their mean and SD (± SD) when normally distributed, and with median and interquartile range when not. All primary analyses were performed on an intention-to-treat basis. Comparison between groups for categorical variables was evaluated using the χ 2 test. For continuous variables, measures were compared with Student t test or the Mann-Whitney U test if distribution of quantitative variables was not normal, as verified by the Shapiro-Wilk test. The difference of mean values between groups for each analysed variable is given as 95% CI.
The magnitude of association between study groups and binary outcomes was evaluated using the RR and 95% CI.
Logistic regression analyses were used to assess the effect of the intervention on adverse maternal and neonatal outcomes. The method proposed by Zhou for estimating RR and its CI was conducted.
The number-needed-to-treat (NNT) was calculated as 1/absolute risk reduction.
All p values are 2-tailed at less than 0.05. Analyses were performed using SPSS, version 21 (SPSS, Chicago, IL, USA).
Results
Demographic, clinical and anthropometric characteristics at baseline are shown in Table 1 . No significant differences were observed between both groups of women. Table 2 shows the evolution of lifestyle patterns throughout the pregnancy as revealed by questionnaires and biomarker levels. Nutrition score, MEDAS score, EVOO and nuts consumption were similar between groups at baseline. At 24-28th and 36-38th gestational weeks, the intervention group had significantly higher Nutrition and MEDAS scores and nuts and EVOO intake than the standard care control group. Similarly, hydroxytyrosol and gamma-tocopherol levels were alike between groups at baseline and increased significantly in the intervention group at 24-28th (both p = 0.001). Physical activity decreased significantly throughout pregnancy in both groups and no differences were found at any point of pregnancy between groups.
Maternal clinical, biochemical and anthropometric data are displayed in weeks, the intervention group had lower mean fasting glucose and HbA 1c levels as compared to the standard care control group. At 36-38th gestational weeks, lower mean fasting glucose and HbA 1c levels remained significantly lower in the intervention group. Body weight was significantly lower in the intervention group at 24-28th gestational weeks. However, at 36-38th gestational weeks it was similar between groups. Gestational weight gain was also similar between groups. No differences were observed between groups regarding rates of adequate, insufficient or excessive weight gain.
The results of the crude RR analysis of maternal and neonatal outcomes are shown in Table 4 . Crude RR showed that the intervention was associated with a significant re- Data are mean ± SD or number (%). p a denote differences within each group compared to baseline (ANOVA). p b denote differences between groups at different stages of pregnancy (t test). Changes, differences at 24-28 GW and 36-38 GW in relation to baseline. MEDAS Score, 14-point MEDAS. Physical Activity. Score ≥0, walking daily (>5 days⁄week); score 0, at least 30 min; score +1, if >60 min; score -1, if >30 min. Climbing stairs (floors⁄day, >5 days a week); score 0, between 4 and 16; and score +1, >16; score -1: <4.
GW, gestational weeks; EVOO, extra virgin olive oil; MEDAS, Mediterranean diet adherence screener; NA, no applicable. 
Discussion
This was a sub-analysis of the St. Carlos GDM Prevention Study evaluating the effect of a MedDiet, supplemented with EVOO and pistachios, on maternal and foetal outcomes of women without GDM.
Results indicate that a MedDiet, with a promotion of EVOO and nuts consumption, as opposed to restricting fats, reduces in more than 50% the risk of having at least 1 event of composite maternofoetal outcomes. This dietary pattern was also associated with a significant reduction in the risk of small-for-gestational-age, large-for- gestational-age new-borns, urinary tract infections and emergency C-sections and had favourable effects on HbA 1c levels and gestational weight gain in women without GDM.
As reflected by the Nutrition and MEDAS scores, as well as by the intake of EVOO and nuts and biomarker levels, women in the intervention group improved their nutritional habits as compared with the control group. However, the mean daily intake of EVOO in the intervention group showed that women did not reach the optimal recommended amount. This shows that despite being encouraged to liberalize the consumption of this fat, women did not consume it in excess. In contrast, the mean intake of nuts indicated that women did comply with the minimum amount recommended. In relation to physical activity, unfortunately both groups of women reduced the frequency throughout the pregnancy.
Considering that women from both groups were normoglycemic, the intervention group had significantly lower fasting glucose and HbA 1c levels at 24-28 and 36-38th gestational weeks than the control group. This could explain why the rate and risk of large-for-gestational-age was significantly lower in the intervention group as compared with the control group. Birth weight > 90th percentile has been shown to have a linear relation with fasting glucose levels. Women with fasting glucose levels between 75 and 79 mg/dL have a 1.37 increased risk of having large-for-gestational-age new-borns than those with < 75 mg/dL [24] . Moreover, this lower rate of large-forgestational-age could in turn account for the lower rates Composite of maternofoetal outcomes at least one of: emergency C-section, perineal trauma, pregnancy-induced hypertension and preeclampsia, prematurity, large-for-gestational-age and small-for gestational age.
RR, relative risk; NNT, number-needed-to-treat; LGA, large for gestational age; SGA, small for gestational age; NICU, neonatal intensive care unit; NA, not applicable. of emergency C-sections and perineal trauma found in the intervention group [25, 26] .
Most studies evaluating the effect of maternal nutrition focus on its relationship with foetal growth [5, 7, 27, 28] . Following a dietary pattern rich with a higher intake of fruits, vegetables, fish and poultry and lower intake of meat and fat of animal origin has been associated with lower small-for-gestational-age risk [5] . In contrast, a western diet has been associated with a higher risk of small-for-gestational-age and large-for-gestational-age [3] . Similarly, women with a high-quality diet have shown to have a reduced risk of delivering new-borns with foetal growth restriction [29] .
Small-for-gestational-age new-borns rates were also significantly lower in the intervention group. There were no differences between groups in the rates of hypertensive disorders and smoking habits. However, these lower rates of small-for-gestational-age new-borns found could be related to the lower rates of urinary tract infections, which have been associated with higher risk of small-for-gestational-age new-borns [30, 31] and prematurity [32] . The MedDiet enhanced with EVOO and nuts could have had a direct influence on the lower incidence of urinary tract infections. The richness of phenolic compounds found in this type of diet could have potentially positively affected immunomodulation and urinary microbiota [33] [34] [35] , and thus, the lower events of urinary tract infections.
The MedDiet has been associated with lower rates and risk of prematurity [3, 6, 36] . Our results revealed that the rates of prematurity in the intervention group did not differ from the standard-care control group, consistent with results from the MoBa study [37] . Nevertheless, our results did indicate a non-significant tendency of lower rates of prematurity in the intervention group, perhaps representing a type 2 statistical error where no significant differences were found due to the sample size.
The maternal diet seems to have a potential impact in modulating gut and placental microbiome [38] . We might hypothesize that the reduction in the risk of developing pregnancy complications could be due to the effect of the MedDiet on modulating the placental microbiome and its beneficial impact on pregnancy outcomes [39] .
The MedDiet has been attributed a number of health benefits, mainly due to the presence of components such as monounsaturated and polyunsaturated fatty acids and phytochemicals [40] . These are abundantly present in both EVOO (a rich source of phenolic acids, phenolic alcohols, secoiridoids, and flavonoids) and nuts (a rich source of phenols, carotenoids, flavonoids, stilbenes, proanthocyanidins and phytosterols). As compared to other olive oils, EVOO has the highest content of phytochemicals. The production of EVOO only involves mechanical processing, minimally altering olives nutritional properties. On the other hand, pistachios have higher levels of unsaturated fatty acids, fibre, magnesium, lutein, phytosterols, xanthophyll, carotenoids and γ-tocopherol than other nuts. Pistachio consumption has also been associated with lowering postprandial glycaemia, improving oxidative stress and endothelial function [40] . Moreover, roasted versus raw pistachios seem to contain higher amounts of flavonoids and have better organoleptic properties [41] .
This sub analysis shows that encouraging the consumption of EVOO and nuts in pregnant women does not translate in an excessive intake. Current guidelines for pregnancy highlight the importance of reducing total fat intake, with the concern that the opposite will lead to an excessive weight gain. Results from this study do not support this recommendation.
Limitations
This study has certain limitations. First, the original study was designed to answer a different question to the one presented in this manuscript [15] . Regardless, this secondary analysis yielded interesting results. Moreover, women in the intervention group did not comply with the minimum daily intake EVOO, > 40 mL/day. If these women had consumed at least 40 mL/day, maybe other complications that were not significantly different would have been. Notwithstanding, the intervention group compared to the standard care control group maintained a significantly higher consumption of EVOO throughout the pregnancy.
Conclusions
Adhering to nutritional recommendations based on a MedDiet enhanced with EVOO and nuts during pregnancy was associated with a reduction in over 50% the risk of developing at least one event of a CMFOs in normoglycemic women. Current recommendations to limit fat consumption during pregnancy need to be revised. Recommendations based on a MedDiet that liberalizes EVOO and nuts consumption should be considered an adequate dietary pattern to follow during pregnancy. The potential effect of following this dietary pattern during pregnancy on postpartum maternal and infant health is being currently evaluated.
